An important relationship exists in Azospirillum spp. between nitrogen fixation and certain organic acids (e.g., malate) and sugars supplied in nature by host grasses. These compounds occur in C-4 grass root exudates (19, 22) , exert a chemotactic effect on Azospirillum brasilense (18) and stimulate nitrogenase activity (16) . Carbon metabolism and regulation in this nitrogen fixer have received little attention (15, 17) .
A. brasilense Sp7 (ATCC 29145), the wild type, was obtained from the American Type Culture Collection, Rockville, Md. Mutants CW-1 (ATCC 35212) and CW-2 (ATCC 35213) were isolated on nutrient agar plates after 45 min of exposure of Sp7 to diethyl sulfate at 1.5 and 3.0% for CW-1 and CW-2, respectively. The mutants were sought so as to have one more tool (besides Sp7) for studying the regulation of carbon pathways in A. (1, 17, 20) and indicate that A. brasilense can use either certain sugars or organic acids for carbon and energy. The two mutants grew poorly on organic acids, indicating deficiency in gluconeogenesis; this was supported by the longer generation times of the mutants compared with Sp7 on gluconate ( Table 1) .
To further analyze carbon metabolism in Sp7, enzymes of gluconate, glycerol, lactate, and malate metabolism (Fig. 1) were measured in crude extracts from cells grown singly on these substrates. The mutants were tested for the same enzymes in extracts from cells grown on gluconate.
Some of the enzymes were present in markedly higher amounts in Sp7 under certain growth conditions ( nase (no. 19), lactate dehydrogenase (no. 20) , and malate dehydrogenase (no. 21).
Our enzyme results suggest that the EntnerDoudoroff pathway is a major route of gluconate dissimilation in A. brasilense. Levels of the three Entner-Doudoroff enzymes, 1, 3, and 4 ( Fig. 1) , in gluconate-grown cells (Table 2) were 17 ) and glucose dehydrogenase (no. 18) were not assayed. The following millimolar extinction coefficients were used to calculate enzyme activities: NAD(P) and NAD(P)H at 340 nm, 6.22 (9) ; NADH at 366 nm, 3.4 (2); phosphoenolpyruvate at 230 nm, 3.0 (9), and 1.75 at 240 nm, (8) ; and the formazan product of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium brpmide re44ption at 550 nm, 8.1 (9) . Undetectable activity; <1.5 mU for gluconokinase and phosphogluconate dehydrogenase (9) ; <0.8 mU for 6-phosphofructokinase (9) . Yeast phosphogluconate dehydrogenase (type V; Sigma Chemical Co.) and rabbit 6- phosphofructokinase (type III; Sigma) were run as positive controls to verify the assay procedures.
d Combined activity of two enzymes was measured. 'Yeast glucose-6-phosphate dehydrogenase (type XV; Sigma) was run as a positive control to verify the assay.
f It was necessary in the assay to use 7.1 mM phosphoenolpyruvate instead of the prescribed 0.71 mM to obtain anticipated activity.
comparable to induced levels found in Pseudomonas spp. (9) and Rhizobium spp. (11) , where this pathway has been shown to be important in gluconate catabolism. The absence of phosphogluconate dehydrogenase (no. 5) in A. brasilense (Table 2) indicates the absence of the hexose monophosphate shunt (11) (Fig. 1) . This observation and the presence of only very low levels of gluconate 2-dehydrogenase (no. 2) ( (Table 2) testifies to an operation-al anabolic hexosephosphate Embden-Meyerhof-Parnas route (6) (Fig. 1) . All of the Embden-Meyerhof-Parnas triosephosphate enzymes (no. 7 to 12) were present in substantial amounts in gluconate-grown cells of A. brasilense ( Table 2 ), indicating that the triose part of glycolysis is functional. This triose pathway is most likely used anabolically when malate or lactate is available and indeed the triose enzymes were present when these substrates were the sole source of carbon for Sp7 (Table 2 ).
Among the substrates tested in A. brasilense, the shortest generation times were with malate and lactate ( If multiple mutations are discounted as the cause for the assorted enzyme defects in CW-1 and CW-2 (Table 2) , and this seems likely (10, 14) , then either phosphoglycerate (no. 9), or pyruvate kinase (no. 12) can be considered the logical target of the mutation in the mutants because these two enzymes are the most severely affected (Table 2 ). It would be premature at this point to suggest that repression or some other secondary response arising from a single mutation caused the other enzyme deficiencies in the mutants (Table 2 ). Multiple gene lesions have not yet experimentally been ruled out.
